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Overview

 Making relatively minor adjustments to new
and retrofit HVAC system designs can cost
effectively cut energy consumption by over
50% when compared to “normal” energy
efficient design strategies.

« As important (or perhaps more important) as
the equipment selections and mechanical
design strategies, are the methods used to
control the equipment.
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Overview, Continued

 Merely having great equipment and a
fantastic system design does not guarantee
that a system will be energy efficient.

 Typical “energy efficient” control strategies
leave a substantial amount of savings on the
table.

e Control system strategies that cannot be
easily understood by the operating staff will
quickly be disabled, and the system will
revert to manual operation, and savings will
be lost.
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Summary

e To reduce energy consumption, you need to

minimize system losses:

— Utilize larger ductwork and air distribution equipment
to reduce airside pressure drops.

— Utilize large, low pressure drop sound traps where
sound traps are required.

— Utilize larger piping and 45° angle piping connections
to minimize piping system losses.

— Utilize 1170 RPM pumps and low RPM fans to improve
efficiency.

— Utilize “Variable Speed Everything” Design Strategies
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Summary

* To reduce energy consumption, you need to
iImprove heat transfer efficiency:

— Utilize large face area cooling and heating/reheat
coils to maximize system temperature
differentials and minimize air and water pressure
losses.

— Large cooling coils reduce air pressure drops and
allow the use of high chilled water supply
temperatures, while still dehumidifying, raising
chiller system efficiency.

— Large heating and/or reheat coils reduce air
pressure drops and allow the use of low hot water
supply temperatures. This can allow the effective
use of low quality reclaimed heat, and/or highly
efficient condensing boilers.
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Summary

« To reduce energy consumption, you need to
Improve heat transfer efficiency:

— Install the supply fan upstream of the cooling
coils (a “blow-thru” colil configuration) to
maximize system efficiency.

— Utilize large chiller shells and the maximum tube
counts to reduce the refrigerant to water
approach temperatures.

— Utilize large surface area cooling towers, or
wet/dry coolers with close approach temperatures
to the wet bulb temperature.
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Summary

o Utilize reclaimed energy whenever
possible.

— Typical moisture control designs require a
substantial amount of new cooling and re-
heat energy to dry the air and reduce
relative humidity.

— Innovative dehumidification and reheat
systems can reduce energy waste by 50%
to 70%.

— AlIr to air heat exchangers may be cost
effective In some situations and climates.
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Summary

 Poor control strategies can
waste more energy than great
eguipment can save.

 The controls must adapt to changing
end use loads and conditions and allow
the operating staff the ability to tune
the system to meet the needs of the
various connected loads.
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Summary

 Energy Conservation = water
conservation.

— If a cooling system is water cooled, saving
energy will reduce the amount of heat that
has to be rejected by evaporating water, so
water savings will result.

e It may be possible to capture and re-
use condensed moisture off of the
cooling coils.
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Moisture Control

* In order to reduce the potential for
biological issues, the building envelope
and HVAC system must be designed In
concert to properly control moisture.

e Relative Humic
maintained wit

Ity In the facility must be
Nin acceptable

boundaries to

promote occupant

comfort and health, while reducing the
potential for biological iIssues.
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Save Energy, Improve Comfort

 Itis possible to save a substantial amount
of energy, while at the same time
Improving the comfort within a facility.
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E-mall from Dave Manley — 71%
HVAC System Energy Reduction

e Gentlemen,

« An astonishing 70.97% reduction in HYAC usage with the new
Chiller running 49 more hours versus last year! Overall usage down
a remarkable 33.89%! Small increase in Common Area usage due
to increase in number of RMU’s and TI's. Cooling Tower water
usage up 14% due to Duncanization of Cond. Water, reducing
Cond. Water set point to help lower chiller KW. Another good month
at Inland Center!

David Manley | Operations Manager
Inland Center Mall

500 Inland Center

San Bernardino, CA, 92408

Note — the entire HVAC system, including the chillers, the chilled water
pumps, the cooling towers and the supply and return fans are on a
separate utility meter, so year to year comparisons are made easy. This
IS not weather corrected data, but raw utility meter data.



E-mall from Dave Manley — 86%
HVAC System Energy Reduction

Gentlemen,

e If we reduce usage anymore...we can

turn everything off and go home! overai

usage down an amazing 55.89% from last year. HVAC usage down
86.59% from last year, triple checked figures. Duncanization didn’t effect
Tower water usage like it did last month. Total monthly breakdown usage
shows HVAC = 22%, INTERIOR = 50%, EXTERIOR = 28%. Only

iIncrease was in #2 COM. AREA due to increase in RMU’s and contractors
using common area power during TI's.

David Manley | Operations Manager

Inland Center Mall

500 Inland Center

San Bernardino, CA, 92408
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Sample VSE/LOBOS Design

and Control Logic Results
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AHU Summary
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At 100°F outside, we have a 1.8 degree approach temperature between the
CHWS temp and the supply air temp leaving the coils. This allows very
high CHW temperatures and thus very high system efficiencies. This
compares to typical designs that use coils that provide a 10°F to 13°F
approach temperature.
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Chiller Plant Snapshot
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Complete day performance:
tons and kW/ton 6-13-07
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Complete day performance:
tons and kW/ton 6-14-07
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Complete day performance:
tons and kW/ton 6-15-07
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Complete day performance:
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Controls can Make or Break a
System

e If you controlled a car like the typical
control strategy for an HVAC system,
you would get crummy efficiency.

e Step on the throttle to get the engine
capacity ready for the load, then step
on the brakes to make the speed of the
car match the desired speed.
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Make or Break, continued

 Pretty wasteful control strategies, but that is
how most HVAC systems are controlled and
operated.

 Fire up the chiller, drop the chilled water
temperature, let the pumps run at a constant
differential pressure setpoint, then use the
AHU cooling coil control valves to waste all the
differential pressure and control the excess
capacity that was generated at the plant.
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11.9 MPG on the Prius

by controlling it like HVAC Controls usually run
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Prius with “Efficient” HVAC Control Strategies
16 MPG — 26% less energy used to meet the same loads
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Prius with “Optimized” HVAC
Control Strategies — 99 MPG

— 88% less energy used to meet the same loads

Energy Monito

=N
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Understanding the intent vs. being
told “its too complex for you to
understand”

 The intent of the control routine must
be easily understood by the least
capable person that will be operating
the system.

 If the Intent of the control routines are
not understood, the system will drop
iInto manual mode in a hurry — everyone
understands manual operation.
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One Size Does Not Fit all

Buildings and HVAC system operate differently
during startup than they do at 10:00 AM, noon, 3:00
PM or 7:00 at night.

They operate differently on weekends than they do
during the week.

They operate differently during winter, spring,
summer and fall.

They operate differently when it is muggy than they
do when Santa Ana winds are blowing.

They respond differently when 1 floor is operating
than they do when 24 floors are running.

They respond differently when it is 65°F and sunny
than they do when it is 65°F and foggy.
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The Control Strategy Must Fit the
Situation (which changes continually)

* A control system that treats all loads and
situations the same is doomed to failure,
or at least doomed to not save as much
energy as It Is possible to save.

e Self Tuning Control Loops will promote
energy efficiency and Operating Staff
confidence that they can leave the system
alone.
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Control to the Loads

« The system must respond to the needs of the
loads, be it a single floor in the winter, or the
entire facility in the heat of the summer.

* |f the loads are not being properly cared for
and met, the system is not doing Its job.

« As soon as tenant complaints start coming
In, the system will go to manual operation, if
It Is not easy for the Engineering Staff to tune
and adjust.

Copyright 2009 Retrofit Originality Incorporated Permission granted for posting this presentation on
ERDC-CERL NZE website. Other uses of this information should be approved by ROI, attn Scot
Duncan www.roi-engineering.com



The Basics Don’t Change

To save substantial energy with any system, you
have to incorporate central plant and airside
optimization software.

Central Plant Optimization routines must look at the
site loads — without knowing AHU load information, you
cannot maximize energy savings, or respond to load
changes properly.

AHU Optimization routines are required to minimize
energy use and promote occupant comfort!

The System Must be Operator Friendly — If the person
that designed it cannot explain it in an understandable
manner to the people that operate the facility, it is too
complex.
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Load Based Optimization on AHU — 56°F at 0.49 INWC @ 10t
Floor AHU@0.24 kW/T & Total HVAC sys @ 0.64 kWI/T
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Old setpoint was 4"+
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Total Plant @ 0.33 kW/Ton and
Total HVAC System at 0.52 kW/Ton

GRF_10/21/2002 15:01:44
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5200 West Century

At 55% load on the chiller, the total HVAC system, including supply and return fans, the
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Total Plant Efficiency @ 0.38 kW/T — Total
HVAC System (including Supply and Return
Fans) @ 0.51 kW/Ton (VSE/LOBQOS)

T.GRE 10/12/2002 15:36:31
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33% plant load

Al 33% load on the chiller, the total HVAC system, including supply and return fans, the
chiller, the chilled water and condenser water pumps and the cooling tower fans is using

0.51 kKW per

ton.



Common Sense Control

 The chiller plant should respond to the AHU
loads, like a VAV box responds to the zone
loads.

* |If you controlled a VAV box independently of
the load it serves, how many complaints do
you think you would get each hour?

« How can you control a chiller plant
Independently of the loads It serves?
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Load Based Optimization Saves
“Invisible” Energy

e If you run the chilled water too warm to
try and make the chiller plant efficiency
look good, you won’t meet supply air
temperature setpoints, causing the fans
to speed up to deliver more air, since
the VAV boxes will open up.

 This wastes a boatload of “invisible”
fan energy. Itis invisible, since many
engineers ignhore it, so it must not exist.
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Operating Staff are the Key to Long

Term Success

« To ensure long term project success, the
operating staff must understand the system,
and they must buy into the design
philosophy.

 We have all seen facilities with $500,000 DDC
system time clocks because the operating
staff was not made a part of the process, they
did not understand how it was supposed to
work, and they could not easily “tweak” the
system to suit their tenant needs.

* Once a system goes to “man-u-matic”
operation instead of automatic operation,
savings go out the window.
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Interim Summary

The LOad Based Optimizing System
(LOBOS) AHU resets can dramatically reduce
energy waste at the AHU'’s.

Less waste at the AHU’s results in less waste
at the plant as well.

Lower static pressures and higher supply air
temperatures reduce energy waste and
Improve actual and perceived comfort.

As loads vary, so do the static pressure and
supply air temperature setpoints — higher
loads equate to higher static setpoints and
lower SAT setpoints.
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Load Based Optimization Is the
Key to Project Success

e If the central plant reset routines are
not evaluating the loads at the AHU’s
and responding to those loads, you are
doing one of two things:

—you either waste central plant energy by
running the chilled water too cold, or

—you waste AHU energy by running the
chilled water too warm, and the AHU’s
can’'t meet setpoint, ramping up as the
static pressure drops off.
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Load Based Optimization
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Refrigerant Lift vs. Efficiency
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Dehumidification/Reheat Systems

« Many areas in the continental United
States only have dehumidification
problems in the summer.

 Other, more far flung locations require
continual dehumidification and reheat
to maintain comfort conditions and
reduce biological issues.
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Dehumidification Systems
Problems

* Billions of dollars in damage
occurs each year due to biological
growth caused by high Relative
Humidity in facilities.

 This Iis preventable, and can be
energy efficient at the same time!
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Dehumidification Systems
Problems

To reduce relative humidity in the
spaces, the air must be dried out,
typically by cooling it to 45°F to 55°F,
then re-heating it to around 65°F
typically by using electrical or hot
water re-heat sources.

—In this manner, very cold, 100% saturated
supply air does not enter the spaces.

— If cold, saturated air enters aroom,
biological issues will likely follow.
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Dehumidification Systems
Problems

« High RH can be caused by the desire to save
energy by reducing the dehumidification
(cooling) and re-heat load on the system.

— If you cool the air less, you save energy, but you
Increase the RH in the space.

— If you dry the air out by cooling it to the correct
level, but then do not re-heat the air (to save
heating energy), the cold saturated air will
encourage condensation everywhere it touches.
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Dehumidification Systems
Problems

At one site that we visited, biological growth issues
created the need to completely re-build one of the living
facilities. The new HVAC system uses chilled water for
dehumidification and electric strip heaters (at 1.0 kW per

room!) for reheat to lower the relative humidity of the
spaces.

 While the design of the system will work, the annual
energy consumption of this one 250 room facility will

Increase by approximately 1,500,000 kWh per year.

— The strip reheat coils will soon be disconnected to try
and comply with energy conservation goals, and the
biological problems will return, creating a massive
waste of funds, but coming out of a different, less
obvious budget.
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High Efficiency Dehumidification
Systems (HEDS)

« We've developed a high efficiency
dehumidification system that can reduce
energy consumption by 52% (high loads) to
/2% (low loads), while improving chiller plant
and boiler plant efficiency.

« Combining VSE design strategies with Load
Based Optimization Controls, (LOBOS) and
HEDS can reduce facility energy consumption,
while reducing the RH to reduce the potential
for biological damage to occur.
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High Efficiency Dehumidification
Systems (HEDS)

« We've developed a high efficiency
dehumidification system that can reduce
energy consumption by 52% (high loads) to
/2% (low loads), while improving chiller plant
and boiler plant efficiency.

« Combining VSE design strategies with Load
Based Optimization Controls, (LOBOS) and
HEDS can reduce facility energy consumption,
while reducing the RH to reduce the potential
for biological damage to occur.
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High Efficiency Dehumidification
System

High Efficiency Dehumidificaton System

= HEDS) [— .

Deslgn Entering Air Conditions Deslgn Leaving Air Conditigns
10000 CFmM 10000 CFM
T8°F Drybulb §5°F Drybulh
65°F Wetbulb 55°F Dewpoint

Supply air temperature is 10°F above the dewpoint temperature.

For DOAS-HEDS, the supply air temperature can be 20°F above the
dewpoint temperature.
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Variable Volume System Performance Comparison

"Normal HVAC" vs. "HEDS"

Entering Conditions

Leaving Conditions

% Design CFM DB WB DB Dewpoint
100% 78 65 65.1 55
75% 77 64.5 65.7 55
50% 76 64 67.2 55
25% 75 63 68.1 55

High Efficiency Dehumidification

Normal AHU System System (HEDS) HEDS %
Chiller Plant Load + Reheat Chiller Plant Load + Reheat Engrgy
% Desigh CFM Energy (BTUH) Energy (BTUH) Savings
100% 460013 219240 52%
75% 340795 148330 56%
50% 227500 81250 64%
25% 108160 30400 12%
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DOAS Performance Comparison

"Normal DOAS" vs. "HEDS-DOAS"

Entering Conditions

Leaving Conditions

CHWS
Temperature
at Unit DB WB DB Dewpoint
45°F 98 82 65 45
High Efficiency Dehumidification
Normal DOAS System System (HEDS-DOAS) HEDS %
CHWS Chiller Plant Load + DX Chiller Plant Load + DX 0
Temperature Subcooling + Reheat Energy Subcooling + Reheat Energy Ene_rgy
at Unit (BTUH) (BTUH) Savings
45°F 1561813 1126150 28%
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High Efficiency Dehumidification System
Energy Savings vs. Design Airflow @ 100% reheat to
65F/68F — Typical for DOAS, Barracks, Labs,
manufacturing, underfloor air distribution systems, etc.

High Efficiency Dehumidification System Energy Savings @ 100% Reheat to 65H/68F
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= Percent of Design Aifflow = Percent of Cooling and Re-heat Energy Saved
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High Efficiency Dehumidification System

Energy Savings vs. Design Airflow @ 25% reheat to
65F/68F — Typical for facilities that need minimal reheat.

High Efficiency Dehumidification System Energy Savings @ 25% Reheat to 65F/68F
100%
o | \
80%
60%
o i
40%
o \<
20% -
10% -
G)/O T T T
1 2 3 4
= Percent of Design Airflow - Percentage of Cooling and Reheat Energy Saved
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Variable Refrigerant Flow

e For systems that would normally be
cooled and heated with DX type systems,
variable refrigerant flow (VRF) may be a
viable option to consider.

 With proper equipment selections, heating
and cooling can occur on the same
system, using “waste” heat for the heating
source.
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Variable Speed Everything (VSE)
Design Strategies

« We've been designing VSE chiller plants almost
exclusively for the past decade, including
Absorption based chiller plant systems.

 Our designs won six ASHRAE Awards in 2002.
(the last time we applied for any awards)

* |n a nutshell, everything in the chiller plant system
gets a VSD on it, and we use the Load Based
Optimization System (LOBOS) to minimize energy
waste, and improve system controllability and
comfort.
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Pick the Right Optimization
Strategy!

« Central Plant Optimization routines must look
at the site loads — without knowing AHU load
iInformation, you cannot maximize energy
savings, or respond to load changes properly.

« AHU Optimization routines are required to
minimize energy use and promote occupant
comfort! Don’t ignore 40% to 50% of the
energy consumption of the cooling system!

* The System Must be Operator Friendly — If
the person that designed it cannot explain it in
an understandable manner to the people that
operate the facllity, it is too complex.
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Discussion of Previous Page

 This test was run to see what effects changing
the condenser water temperature setpoint would
have on VFD chiller system efficiency.

 Thered line is the condenser water
temperature with a system using the Load
Based Optimization System (LOBOS) control
system, which determines the most efficient
operating points for the HVAC system based
on the actual cooling loads of the facility.

 The blue line is the chiller efficiency in kW
per ton.

« The green line is the chilled water supply
temperature.
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Discussion, continued

 The first test, shown In the preceding page,
shows that the chiller energy efficiency is
running at approximately 0.33 kW per ton,
prior to the start of the test.

e This Is excellent efficiency, as most chillers
Installed today operate between 0.60 and
1.5 kW per ton of cooling.

 With LOBOS, the condenser water
temperature is running at approximately
68°F, while the chilled water temperature Is
running at approximately 50°F.
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e DIscussion, continued

 \We manually raised the condenser water
setpoint to 80°F from the automatically
controlled setpoint of 68°F to determine
what effect a “normal” operating strategy
would have on chiller system performance.

« Many facilities routinely operate their
condenser water systems at between 80°F
and 85°F, which are the typical “design”
points for chillers when they leave the
chiller factory.
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Discussion, continued

« As can be seen, the chiller efficiency was made
dramatically worse, increasing from 0.33 kW
per ton to 0.45 kW per ton, using 36% more
energy to deliver the same amount of cooling.
The chiller energy increased from 332 kW to
452 kW, an increase of 120 kW. There was a
savings in cooling tower energy of approximately
40 KW, but the net effect on the system was an
Increase of 80 kW, or approximately 21% more
energy to provide the same level of cooling.
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e Discussion, continued

 \When the condenser water temperature
was released back to LOBOS operating
controls, the efficiency was returned to the
previously obtained levels.
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Discussion, continued

 This also shows that a facility can be
designed with excellent cooling
equipment, but if it is operated and
controlled in a “normal” manner, the
efficiency can suffer in a rather
dramatic fashion compared to the
potential efficiency.
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Increasing Is not equal to

Decreasing

« Normal PID loop controls treat increasing
and decreasing loads the same — if there Is an
offset from setpoint, the same magnitude and
direction response Is triggered, whether the load
IS Increasing or decreasing.

« The Load Based Optimization System
(LOBOS) uses incremental control strategies
that are configured to respond to increasing
and decreasing loads differently.

* These loops allow more aggressive response
while minimizing overshoot, and promoting
stable operation.
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Chiller Plant Tuning Graphic - Simple — Four

adjustments - how fast the DP and CHWS temp

are adjusted when the loads are increasing and
decreasing.

B2l Pinpoint - [RootA\CP CHW Tuning]

il wiews  WWindow  Help

[ma iy == - E= &= | &7|2n
Chiller Plant CHW Tuning

AH SF Tuning
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uuuuuuuuuuu Target Sp Curremt Value [ 12 62 TargetSp [ 12 70
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Allowable Setpoint Range is 10 FSID 1o 18 FSID

[=H{u]
A HWC S HZEC D
165
CHW Supply Differential Pressure
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[ |
T 7 R - =1
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CHW Supply Temperature
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sb ! 1 1 ogds ! 1 1 I 2do
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AHU Tuning Graphic - Simple — Six adjustments —
Setpoints for fan speed and return air temperature setpoint,
and how fast the static pressure and supply air temperature

setpoints are adjusted when the loads are increasing and

]
decreasing.
Air Handler 001 Supply Fan Tuning CP CHW Tuning T e o
Supply Fan Speed Setpoint % Return Air Temperature Setpoint °F
uuuuuuuuuuu Target Sp Current Walue Target Sp

Supply Static Pressure

Increasing Load |

5||j [ |1{D|| [ Y

% Tuning Selection
Hote 1

Supply Air Temperature

Increasing Load |
[ I
sh | 1 | | hdn ! | 1 I 2do
% Tuning Selection
MNMote 1

11852007 2:55:43 Phd

Outside Air Conditions are 58 2 "F at 26_4 *<RH

SH SFE Tuning

eeeeeeee
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AHU Setup Screen

E2l Pinpoint - [RootMAO01Setup]

HF Eile wiew window Help _ =2 =
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A002 | WCAHSCD Walue 181 m O re Wel g t t an t e Site CHW Diff Pressure PSID 1050
6 Min_Average WCAHSCD 181 CP Tonnage 1826
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All floors are not loaded alike — the Plant
Optimization system must consider all loads!

S BAR 11/05/2002 11:00:44 AM

Air Handler Valve Position

BASEMENT 18T FLOOR ZND FLOOR 3RD FLOOR 4TH FLOOR 5TH FLOOR 6TH FLOOR 7TH FLOOR
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
75.0 5.0 - 75.0 75.0 75.0 75.0 75.0 — 75.0
50.0 50.0 -50.0 50.0 50.0 50.0 50,0 - 50.0
25.0 25.0 -26.0 26.0 25.0 25.0 25.0 -25.0
0.0 0.0 .0.0 0.0 0.0 0.0 0.0 0.0

W 13.60

CWN 15.48

CWWN 5.22

CcwW\V _ 51.65

CWV_ 100.00

cwv _100.00

CWV 16.23

CVVV 0.00

8TH FLOOR

100.0 100.0 100.0 100.0 00.0 100.0

75.0 75.0 750 5.0 5.0 5.0 -75.0 75.0

50,0 50.0 50.0 50.0 50.0 50.0 - 50.0 50.0

25.0 25.0 25.0 25.0 250 - 25.0 25.0

0.0 0.0 0.0 0.0 ‘ 0.0 0.0 0.0
CWVWWV 60.05 CUWWW 84.29 CVWWNV 29.61 cwWv_ 100.00 o 36.13 34.14 CWV 0.00 | CWWN 33.48

9TH FLOOR

10TH FLOOR

11TH FLOOR

12TH FLOOR
100.

13TH FLOOR
100.0

14TH FLOOR

16TH FLOOR
100.0

16TH FLOOR 17TH FLOOR 18TH FLOO 19TH FLOOR 20TH FLOO 218T FLOOR 22ND FLOOR
100.0 100.0 100.0 100.0 100.0 100.0 100.0 i
75.0 75.0 75.0 75.0 75.0 75.0 5.0
MAIN
50.0 50.0 50.0 50.0 50.0 50.0 50.0
25.0 25.0 25.0 25.0 260 25.0 4%3“
0.0 0.0 0.0 0.0 : 0.0 0.0 GHW
cwv_ 2201 cwy  27.91 CWV.__ 2619 81.41 CWV__ 99,61 32.64 cwv 7.1
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ngl LOBOS AHU
T[] [ Resets at work.

e | | — | | TES 054 Temp I
ﬁ ﬁ: T?Adl A:s?m:h A:?elm BST B:? Air Handler Stat e g OSA Temp is
I iancler olails 83.6°F at 3:07

M o
PM.
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Static pressure
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|

Fan speed Duct static Sup Temp Ret Temp Valve Pos, W ode Fan speed Duct Static Sup Temp Ret Temp Walve Pos,

@ ¢ &5 B & i3 o E| 2% T &l <7 L B
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Supply air
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I 59.6°F.

! Old setpoints
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I and 48°F to

g 55°F.
Bldg 600

Bldg 400

BEO0 CHY/ FLOW
291.6 GPM

B400 CHY/ FLOW

165.3 GPM i Average fan
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Subcooling the air due Typical AHU Design
to fan heat added

downstream of the coill
occurs with this design

High air and water

pressure drops yrmos me oaren
CONIFOL AR FLOW [TYCAL)

Typical coil size 4to 6 ™ AT
row, 550 FPM face < =
velocity 1 B = \

- ~. [T AN s q" T
Fixed, or poorly reset, | = L=
setpoints for static and ' = —I =
temperature. 1.5” to 2” v T wh ! ! iR R
and 55°F are typical o L SRR R
floor by floor setpoints. “FF ™ s I Jlaoe A5
ngh pressure drOp 2- "HORMAL™ DESIGH DRAW-THROUGH AR—HANDLNG UMIT (AHLD

way or 3-way valves
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Optimized AHU Design
No subcooling of air due to oorweme commy | womens mw oomm | mos sw emnae
fan heat added upstream of SR S R (g meomiie £ | ur / oer s wn | 2w £ waw £ dna,
the coll L =
CHW TD increased by over AT, CHTERONIG. FRCEA () Svees = o
165% (24° vs. 9°) OONES CHULDO) CALER CENT B = o
Desired Coil Size 8 row, 300 .
to 350 FPM face velocity = o e Belt drl\{e ShOVY”’ we
Low air and water DP’s > e e Prefer direct drive fans
Static and temperature ,/l\ Bt TN e
setpoints continually reset \F ~
based on the loads 5] ] .,..|,.. _ Ny _
(LOBOS) 12177 % I~
Low pressure drop 2-way - /I—"'"‘=' :
valves I = o
Allows chillers in series and - T LR
substantial pumping and . =
chiller energy savings - e m _-.I _.,I-u'r

ROL DES/GN BLOW-THROUGH AIR—HANDLING UMIT [AHU)
Ty

Copyright 2009 Retrofit Originality Incorporated Permission granted for posting this presentation on
ERDC-CERL NZE website. Other uses of this information should be approved by ROI, attn Scot
Duncan www.roi-engineering.com



Large Temperature Differential
CHW Designs

« We have many chilled water TES systems
that operate with 26°F to 32°F temperature
differentials during the summer.

 Chilled water based TES system storage
capacity is nearly directly related to the chilled
water temperature differential.

« A 30 degree TD system will have a tank size
50% smaller than a 15 degree TD system —
you can spend some money on coils, and
save huge $ on tanks.
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Large Temperature Differential
CHW Designs (cont)

« Large Temperature Differential (LTD) system designs can
also save significantly in infrastructure costs.

— You can move twice as many tons through a piping
system at a 30°F TD than you can with a 15°F TD.

— You may not need to add pipes and pumps to meet new
loads

— It might be less expensive to double your system
temperature differential than it is to build new piping
and pumping infrastructure, and it is definitely more
energy efficient to do this.

« A 30°F TD system will cut chilled water pump energy by
over 70% when compared with a 15°F system.
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Strategy to Increase Chilled Water
System Temperature differential

Many facilities are plagued by low chilled water system
temperature differentials.

This iIs commonly referred to as the “Low Delta T
Syndrome”

This hurts energy performance, whether or not the
system has TES installed.

If the system is equipped with properly selected two-
way throttling type cooling coil control valves, and
the chilled water supply temperature and differential
pressure are properly controlled, the most likely
culprit for low system temperature differentials is
undersized or “worn-out” cooling coils.
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Increase CHW System TD's

to reduce energy consumption and reduce TES costs

When we started working as efficiency Consultants for the
University of Southern California in the early 1990’s, the
peak day chilled water system temperature differential in
the summer was in the 8°F to 9°F range.

Over a 16 year period we have been able to work with the
Campus to raise the peak day TD to between 24°F and
26°F.

This is a 300% increase in the campus CHW TD!

This has been accomplished by replacing cooling coils
and control valves, and properly controlling the loads.

This work cut the required TES tank size from 8,500,000
gallons down to 3,000,000 gallons, saving approximately
$6,000,000 and making TES cost effective.
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Draw thru vs. Blow thru
Cooling Colls

e Can cooling colil placement (upstream
of fan vs. downstream of fan) affect
chilled water system temperature
differential?

e Can cooling coil placement affect total
cooling loads?
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Importance of Coll Selection and
Fan Orientation

 8row 12 fin per inch 300 to 350 FPM
cooling colls are desired for peak system
efficiency.

* Blow through coil design to increase CHW
system TD and reduce peak loads due to
reduction in over-dehumidification.

* Blow thru coils can increase CHW system
TD by 34% to 65%+ and decrease peak
day cooling loads by 5% or more.
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Cooling Coll Performance
Comparisons

* The following pages compare blow thru
and draw thru cooling coll selections.

* “Normal” design colls are compared to
colls that reduce air and water pressure
drop, increase chilled water system
temperature differentials and reduce AHU,
chiller and pumping system energy
consumption.
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Draw Thru 6 R 550 FPM Coll vs.
Blow Thru 8 R 350 FPM Coll

Mear-Cptimal
Typica' Design Crersicy
Crrane Thru Elow Thru

g Fow 2400 FPRM | B How 350 FPM
Pixea Air Temoaraturg DB i i Tl
Mixed A Termperature WB G4.8*F G4.58°F
Cofl Entering OB fIF s e
Coil Entering WE G4 .55 GETF
|Ccil Leawing DE 52 .5°F 55"F
ol Leavwing WE ol =Ny 247F
Adr Handling Un't Suaply Air Temperatu e °F) 25 a5
Chilled Water supplv Temperaturs (7F) 45 45
Chilled WWater Return Temperatura (“F} S G 2
Chilled Water Temperature Differential ("F) = e, 2
CHW TD % Changes 158%;
Cooling Coil Watse- OPF (ft HZ20) 10.1 ]
O DP9 Change -2 1%
Cooaling Coilf S DP {nWe) 1.26 G564
(CC LP % Change B -AQ%s
il GGPM Reguiresd ] 24 .4
Canl GPM % Change B5%a
Total BTLIH 218200 235000
BTLUH o4 change 5%
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6R 550 FPM Draw thru vs Blow thru and
8R 550 FPM Draw thru vs Blow thru

Draw Thru Blow Thru
G How 550 FPY | 6 Row 550 FPM

Wixed Air Temperature OB TT°F iT°F
Mixed Air Temperature WE 94 8°F 64 £°F
Coil Entering DB TT°F TO.EF
Lol Enfar ng WE 54, 8°F 86°F
Coil Leaving DB 52 5°F S5F
Coil Leaving WE 51.5°F RLF
Air Handling Unit Supply Air Temperature (°F) 55 55
Lihilled Water Supply Temperatune [*F) dh 45
Chilled Water Return Temperatare ("F) 54 80.2
Chilled Water Temperature Differential [°F) b 18.2
CHW TD % Change 69%
Coaling Coil Water DP {ft H2(¥ 0.1 2.8
oL DP % Change 2%
Couling Coil Air DP (MWC) 1.2G 1.14
CC DP % Changs =10%
Coi GPM Requirad 7{ 38
Coil GPK % Change 44%
Tota [Peak Loed BTUH 31500 296000
BTUH % change £%

Diraw Thru Blow Thru
£ Row 550 FPM | 8 Row 550 FPM
ik TT°F
A4 .B°F 64 E°F
iT°F T9.5°F
fd B°F G6°F
g2.o°F q5°F
- bd°F
R, 55
45 45
255 647
13.6 19.7
454%
8.1 8.7
=A%
1.58 1.43
3%
48 4 30
-35%
216000 296000
6%
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o6R 350 FPM Draw thru vs Blow thru and
8R 350 FPM Draw thru vs Blow thru

Oraw Thru Blow Thru Dirawy Thell Blow Thry
6 Row 350 FPM | & Row 350 FPM 8 Row 350 FPM | 8 Row 350 FPM

Mixed Air Temparature OB TF 7TF TT°F TTF
Mixgd Air Temparatura WE &4 8°F fi4.8°F B4.8°F A4 B°F
Coil Entering OB iF T8.5°F iTF TREF
Cail Ertaring VB 4.8 BE“F B4.8°F GE"F
Cail Legving DB 32.9°F RE"F 92.2°F we F
Coil Laaving WB 51.59°F 54°F B1.5°F 54°F
Air Handling Unit Supgly Air Temperatore {(*F) g 55 5 55
Chilled Water Suaply Terperaturs {°F) 45 45 45 45
Chilled Yvater Return Temperature [*F) g0 655 53.1 g9.2
Chilled Water Temperature Differential {°T) 15 20.5 18.1 24.2
CHW TN % Change 3% o 34%
Coaling Corl Water DP it H20; 10,5 85 .2 &
CC OF % Change -19% 2%
Conling Coil Air OF [InYW¥E) (.56 (.91 0.71 (.54
CC OP % Change 3% -10%
Coil GPM Reguired 42 2810 34.9 244
Coil GEM " Changs -3M% -30%
Total Pesk Logd BTUH 316000 208000 3 0 236000
BTUH % change 5% ! -6%
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Draw Thru 6 R 550 FPM vs.

Blow Thru 8 R 350 FPM
for 100% OSA system

45T GHWNS 45°F CHWS | A42°F CHWS 42F CHWE
100% OSA Systern Temp Temp Temp Temp
Craw Thru
£ Row 350 FPM
(Cannet meet Blow Thru Draw Thru Blow Thru
raguired temp3) | € Row 350 FPM % Row 550 FPM | 8 Row 350 FPM

Wixed Air Temperature DB o2*F [I°F B2°F 22°F
Mixed Air Temperature WHB FA°F Fa"F FE°F fE°F
Croil Entaring DHE g2°F bBd.57F B2°F 84 5°F
Cell Enteting WE Ta°F 7U.2°F 73 F VE2F
ail Leaving DB 53 1°F 85.5°F 52.5°F a5°F
Coail Leaving WE 52.1°F f4 &°F &1.5°F 84°F
Air Handling Linit Supply Air Temperature (°F) S5.8 9548 a3 S
Chilled Water Supply Tempearature (°F) 45 45 37 42
Chilled Water Return Temperaiure {°F) 44 =1t 485 71
Chilled Water Tamperature Differential {“F) 4 24 8.5 29
CHW TD % Charnge B00% 346%
ocling Coil Water D (ft H2O) 44 12.6 19 2 13.5
CC DR % Change -71% -30%
Cooling Cail Air DP (InYWC) 1,38 0.83 1.38 0.8z
CC DP % Chanpge 0% -11%
Cail GPM Rgauired 362 £0.5 272G al
-ofl GPM % Change B4%, -TB%
Total BETUH F24000 714000 T35000 T26000
BTUH % change 1% -1%
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TES Optimized Cooling Coll
32 Degree TD — 200% of Typical TES System Designs —
Doubles the Capacity of Most Installed TES Systems

TES DOuty

R 330 FFM
hMixed Air Temperature DB TT°F
Mixed Sir Termoerature WH B4 B7F
Coil Entering DB 7T9.5°F
C-oil Entering YVWB GeF
Coil Leaving DB 259°F
Coil Leaving VWH 4" F
Air Handling Unit Supply Air Temperatu-e (“F) 55
Lhillad Walar Supply Temperature (°F) A0
Chilled Water Retumnm Temperatume (°F) 72,
Chillad VWater Temperature Differential (°F) 32 1
CHW TOD % Change
Cooling Coil VWWate- DP [t H2{)} 4.8
2 DP % Change
Soaling Coil Air DR {102 0.a1
CC DP % Changs
Caoil SPM Required 18.4
Cail GPM % Change
Total BTUH 298000
ETLH % changs
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30 Degree + TD’s are Possible!

« We have many systems that operate
with 30°F to 32°F chilled water system
temperature differentials.

It can be done, and it is not that big of a
deal to make it happen.

* Big colls allow lots of leeway for energy
conservation, and also allow loads to
change without having to spend $$$ to
upgrade the HVAC system.
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“Normal” new T24 Chiller Plant
at real world conditions.

Chillers in parallel, dedicated
pumps, 44°F to 60°F chilled
water temps.

Combined chiller efficiency =
0.576 kW/ton @ full load.

Chiller + CHW pump energy =
0.629 kW/ton @ full load

Typically, fixed or minimally
reset CHW supply temperature
and Differential Pressure
setpoints.

All piping arranged in a “T”
configuration, to maximize
turbulence and wasted energy.
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“Easily Affordable” new High

Efficiency T24 Chiller Plant at l’i'r": @ :".'1
real world conditions. B p— *
Chillers in series, header’'d R —

pumps, 50°F to 70°F chilled @ﬁﬂ“_&“

water temps. / N
Combined chiller efficiency = mﬁ 0 1
0.420 kW/ton @ full load. (27% /
iImprovement) e )
Chiller + CHW pump energy = " e o %n“_
0.463 kW/ton @ full load (26.5% N e
Improvement) @ @

LOBOS reset strategies for CHALED WATEN EVETEM, SHLLERE B SSRCK, ROL DENIGH

CHW supply temperature and D LR EPOROY BAZE TR

Differential Pressure setpoints. CHLLER EFIGENCY MEFEAMENT 37X

All piping arranged in a 45° LI 00 CORAD: W PR EETEENCY ALY oL

angle configuration, to minimize _;f“?‘_“‘ﬁ'“%“'ﬁiﬁ_:;:ﬂ

turbulence and wasted energy. e B TS PR D SN v neoucs eumewe comes.
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Typical Southern California
Cooling Tower System

72°F Wetbulb temp design
Dedicated, constant speed pumps

Fixed, or manually variable condenser
water setpoint

Flow control valves on condenser
barrels

Higher condenser water temperatures
hurt chiller performance.

All piping arranged ina“T”
configuration, to maximize turbulence
and wasted energy.

No automated CT cell isolation valves
hurts performance and increases
maintenance costs.

Galvanized construction will be eaten
by reclaimed water in most places (if
reclaimed water is required)

FLOW COMTAOL
WALWE IrTOAL)

COMDEMNSER WATER SYETEM., TRADITIONAL ARRSMGEMENT
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78°F Wetbulb temp design. %@ﬂ(\‘.“m_ - v
I (TPl

Header'd, variable speed pumps &S| & Tﬁ‘"&:&;‘;ﬁ;ﬁiﬁ“
Continually variable condenser F_—_-—) o L
water setpoint, based on load, L N e e |
efficiency and ambient conditions

=
No flow control valves on ¥,

condenser barrels

Lower condenser water

temperatures improve chiller ~ 1€ss energy than
performance (within limits).

Y (GOwa) PG
Draw thru CT's
typically use 50%

blow thru CT'’s

CONDEMSER WATER SYSTEM, ROU. AFRAMOERENT
FOMLE- RN

Larger surface area reduces CT Automated CT cell isolation valves help

fan energy requirements.

All piping arranged in a 45°

configuration, to minimize

performance and decrease maintenance
costs.

316 SS construction will provide a 25 to

turbulence and wasted energy. 30 year service life, and is more
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Reset Logic - AHU

e Look at the load at the zone or floor level:

— Reset the static pressure setpoint and the
supply air temperature setpoint based on
the loads, and whether the loads are
Increasing or decreasing.

— Increasing loads should be handled
differently than decreasing loads.

—Use “Thermal Flywheel” logic to reduce
overall system energy consumption.
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Reset Logic - CHW Side

e Look at the load at each Air Handler:

— Reset the chilled water system differential
pressure setpoint and the chilled water
supply temperature setpoint based on the
loads, and whether the loads are
Increasing or decreasing.

— Increasing loads should be handled
differently than decreasing loads.

— Use “Thermal Flywheel” logic to reduce
overall system energy consumption.
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Reset Logic - CDW Side

e Look at the load on the chillers:

— If the load is increasing, increase the condenser water pump
flow to decrease chiller energy.

— If the load is decreasing, decrease the condenser water
pump flow to decrease pump energy and increase CT
efficiency.

— If the load is low, decrease the condenser water supply
temperature to improve chiller performance.

— VFD Chillers must be treated differently than

constant speed chillers.

— If the load is high, allow the condenser water temperature to
float to respond to loads, efficiency, and ambient conditions
to improve system performance.
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Interim Summary

It Is not that tough to save a substantial amount of
energy and reduce GHG emissions, while at the
same time improving comfort conditions.

Proper equipment and system sizing and selection
should be based on the lifecycle cost of the facility,
and promoting comfort and IAQ.

User friendly HVAC optimization controls promote
persistent energy efficiency.

The bottom line will be up to your operating staff, if
they can tune the control system to suit the specific
needs of the loads being served, the system has a
far greater chance of success than if the system
cannot be easily tuned.
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“Normal” duct and VAV
box sizing

Small reheat coil with
high air pressure drop

Box requires 1.5” at inlet
Pneumatic Controls

Reheat coll sized for
180°F/140°F water temps

Boiler efficiency around
80% to 84%

LMY W
W b=t

ml‘_.:/ —
Ty
5

ot

|

B

™

M| AR GOl

Al

feresd

r—/]

—r

1=

8

! ﬁhmm

VARIABLE AR VOLUME (VAY) BOX AND VAY BOX WITH REMEAT,

Copyright 2009 Retrofit Originality Incorporated Permission granted for posting this presentation on
ERDC-CERL NZE website. Other uses of this information should be approved by ROI, attn Scot
Duncan www.roi-engineering.com



Larger duct and VAV box sizing -"tmmm
reduces loop pressure drop by e TN LT N
20% to 35%. ; / RACTIOR LAWER FEHENT GO
LY A ¢ L)
G Ml =
Large face area reheat coil with N,
low air pressure drop R / -
AR VIINF W ",
: by ). (A |.|.|
Box requires 1.0” at inlet \i7 \ i .
i- |1_'|""_ 000 SR
DDC Controls with LOBOS \ = Teew
feedback to AHU .. _ _,:
. . ---_ITI \ LARRR:
Reheat coil sized for 120°F/80°F wue i Ry An i
THERMOTAr _E-E Ly ¥ ]

water temps
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Boiler efficiency around 90% to WHLE W

96%
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Develop and Follow a Strict Design
Guideline for the HVAC System

 We have developed and provided design
guidelines for many clients to ensure that their

facility’s energy efficiency improves over time,
rather than degrades.

 The design guidelines are incorporated into all
new facilities, facility expansions and
remodeling/rebuilding projects.

 The guidelines are handed to the Architects and
Engineers and they are strictly enforced,
typically with lots of objections by the A/E team.

— Why do high efficiency, comfort inducing
systems, that the Owner is requesting, cause
Engineers to bristle?
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ESAC Case Study

900,000 SF facility

Pre-modification on-peak cooling loads — 1,800 tons
+ partial storage TES system.

AHU cooling coils replaced with 28 degree TD coils

2,400 ton P/S plant upgraded to VFD-everything, and
to 2,600 tons, with “Oversized” cooling towers.

Chillers re-piped in series.
TES system re-piped with new tank headers and
plant piping — 350% more TES capacity.

New DDC control system installed with
complete loadside optimization routines.
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ESAC Case Study, continued

 We added a 230,000 SF building, and removed
an 800 ton constant speed chiller, installing a new
1,420 ton VFD chiller, piped in series at 0.37 kW
per ton at full load.

« The 1,420 ton chiller uses less power than the
800 ton chiller it is replacing, while producing
/8% more cooling capacity.

e All 1,125,000 square feet will still be served by the
now full storage TES system.
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ESAC Case Study, continued

* The project saved over $1,000,000 by not
having to build a new chiller plant to serve
the new building.

 The project reduced operating costs by an
average of $500,000 per year.
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Monthly Average kWh Consumption for Pre
and Post TES System Upgrade
35% Annual Savings (From Utility Meter)

18350 Von Karmen Chiller Plant Monthly Energy Consunption
(average, excluding 2003 due to low occupancy)

500,000

400,000
- \I\.

300,000 -

200,000

100,000

kWh/ma

1 2 3 4 5 6 7 8 9 10 11 12

—e¢— Post Modification —— Pre-Modification
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Average Monthly Energy Savings
From TES Upgrade Project

18350 Von Karmen Chiller Plant Monthly %savings  (average,
excluding 2003 due to low occupancy)

60%
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B Chiller Plant Monthly % savings
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KW per Ton Can Be Misleading!

 You can have a plant system that
seems to show great efficiency, with a
low kKW per ton, but KW per ton is not
the way owners pay for electricity!

e If the plant is made to look good by
raising the CHW temperature too far,
the supply fan energy can escalate off
the charts — but the plant still looks
great!
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KW per Ton Can Be Misleading!

e If the AHU resets are running the SAT
too low, there will be added
dehumidification loads, which will
Increase the tonnage on the plant, and
make the system kW/ton look better
than it is, since the total kW consumed
by the HVAC system may be higher
than it should be.
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Extreme Low Temp Air Test

 The following slide depicts a system
that is operating at 96% of the typical
peak load (480 tons on a 500 ton
chiller).

 The entire HVAC system, including
chiller, all pumps, cooling tower and
supply and return fans, is operating at
0.49 kW per ton.
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Is 0.49 kW/ton for the Entire HVAC
System Good?

 Most people would think that this is
fantastic performance, and if that were
the only information available, | would
strongly agree.

e It Is extremely rare to see a chiller

system operating at less than 0.49 kW
per ton at 96% load, let alone an entire
HVAC system.
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Low Temp Test, Continued

 The factor that is not shown in the 0.49

KW per ton figure is that the tons were
dramatically increased due to the
dehumidification load associated with
dropping the supply air temperature
down to 39°F.
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Low Temp Test, Continued

« The overall energy demand and
consumption went up, while the kW per
ton for the system went from around
0.65 kW per ton down to 0.49 kW per
ton.

e If you just looked at the kW per ton
figure, you would think that you were a
star! A 25% improvement! You get a
gold medal! Wrong!
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Low Temp Air — Extreme Test - 39°F Air, 0.15 INWC static pressure
, 0.49 Total HVAC system kW/Ton

AIR HANDLER | | ol

88.02 PCT

385 DEG F 3B.8 DEG F
0.15 IWC 0.09 IWC
SUP STATIC SUP TEMP
AHU T.KWS
1.500 75.00
1600 VY- ) CH.LOW LOAD
NORMAL
1.000 NONE 65.0(
AHUT.KWA OFF
’ 15.89 KW e ————
0.500 > 55.0(
0.000 CH.MODE 45 O
Q’;‘;‘; ﬁgﬁg‘ o SATS 55452
STPS 06721 ;
sTP 0.96 19584 5l 0.00 PCT 1.00 SAT 387
— - B
| T
39.79 DEG F CHWR -
33.63 DEG F CHWS . AHU.COT
385 DEG F
E RF W RF

MIX AIR TEMP 7614 DEG F

> =) = e €

RETURN AIR AVG
RA RH AVG

75.06 DEG F
51.05 PCT

[ BLEG STe [20.90HZ RA ENTHALPY 28,35 BTULE 20.90 HZ gg gam?fg 5 I
(260} S - s S 5 2.30 KW Cemmmm it
Bors A 28 28 . ga PLANT KW TON
s 3 i ot W 0.4535 KW/TON
_0.050 AHU.OADE e
i et NONE 7598 DEGF [|ECON TRIGGER || [ ECON.CH.LOCKOUT
| » NONE | NONE NONE TOTAL KW.TON
0.025 0.00PCT AU MATS 10000PCT 88,02 PCT | Noh NO P
I 0.000 52.95 DEG F 36.62 BTULB
lesTPs 0.0300 CH1.TON I I CH2.TON I]
BSTPA 0.0281 __ _MAIN ' PLANT ' HwW SYS' FLOORS ' 0.00 TON 481.99 TON

While this looks impressive from a kW/ton basis, the dehumidification
load to provide 39°F air temperatures increased the tonnage dramatically,
so overall energy use went up, not down.
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Don’t just look at kW per ton! It can be extremely misleading!
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Put the VFD on the Biggest Chiller!

VED chiller performance is related to refrigerant lift
and relative load.

Refrigerant lift is related to chilled and condenser water
temperatures and refrigerant approach temperatures.

Refrigerant approach temperatures are related to relative load
and heat transfer surface area.

Relative load and heat transfer surface area are related to the
size of the chiller.

— The bigger the chiller, the lower the relative load will be and the
greater the heat transfer surface area will be.

The lower the relative load and the greater the heat transfer
surface area, the closer the approach temperatures can be.

The closer the approach temperatures can be, the lower the lift
can be.

I'I_'he_ Igwer the lift, the more efficient the chiller can be (within
imits).
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Fully Loaded VFD chiller @ 0.35 kW/Ton — VFD
Chiller Efficiency is more related to lift than to load

25/10/2005 03:44:48 PM

E|> P P P P s [chosereansr Semand mi| | PLANT MODE Alarm Points
CT-1-2 oT-12Ad] CH=2 CH-4 Series Flowsp |.22.00 % _ 1D0.0 oy 2l chitler Alaer: [CEEm
~60.0
V-7A 5 S
280.0 Pump Alabm: l FF
" CLOSED CLOSED it PLT MODE TMR 2 [
~§ Zs00 3231.0 Mins Start Alarm:  EIEE !
o= Series = V-9 Open =500
Parallel = V-9 Cloged Z 400 ] o i Right click for Pbmf Inie: 'i"exf
s =300 Paral End Offset
£ V-8A 1) 0.00 °F
CLOSED LS ! DL 100
] 83.3°F NONE Serie End Offset
. 49.3 °F 0.00 °F
°a & _ D3SO
V-8B ] 73.4 °F 1= /rnp/ 265.472015 F CTF1.CDW.S1

62.8 °F

 CDW DIF TEMP
‘102 °F

R CHW FLOW

CDW DIF TEMP SP
9 GPM

"CHLR CHW DP|
5.00 PSID

| CHW DIF TEMP

ON TIMER OFF TIMER
200.80 Mins 0.00 Mins

i e

Irvine Center Towers

This screen shot debunks the “VSD chillers use more energy at full load than constant speed chillers do” myth. It all
depends upon how the chiller is controlled. You can see that this chiller is 95% loaded, and delivering cooling at 0.35
kW per ton.

Copyright 2009 Retrofit Originality Incorporated Permission granted for posting this presentation on
ERDC-CERL NZE website. Other uses of this information should be approved by ROI, attn Scot
Duncan www.roi-engineering.com



2040 Main Street
(VSE/LOBOS lite)

| Put the VFD on the biaaest Chiller vou have!
750 ton VFD chiller at 6.3% load (47 tons) — total plant efficiency = 0.42 kW/ton.

250 ton CS chiller at 20% load (49 tons) — total plant efficiency = 1.62 kW/ton.

Frévious

0S4 Temp 67.4°F Description

Chiller Graphis | Total Plant 240 kav 46.8 tons 4200 W/Tn wme— .42 1S9 /pp 0
Cooling Tower Graphic | Chiller 1 172 kv —fp46.8 Tons 300 0 W/Tn YSINGR THE 250 tom
Min/Max CHW stpt | Chiller 2 1.0 kv 0.0 Tons 0.0 W/Tn COPSTANT SPEED
CHW Setpoint | chilled Water Pump 3 2.4 ki Bpowm CHILLER 1O SERVE
Chiller Tonnage Rezat | Chilled Water Pump 4 0.0 kv 0.0 W/Tn TS LOAD IRE QUIZED

CHW DPgtpiRmts Wi Condensor Water Pump 5 0.0 kw 0.0 W/Th Io b?. K W/mﬂ -

17.0 W/Tn
CDW Temp Diff Stpt Reset| Condensor Water Pump 6 4.0 kw 17.0 W/Tn A Y Y% REPUCTION

chiller Plant Staging | Cooling Tower Fan 24 1.3 kw 23.0 W/Tn FOR UWS1nG& THE VFD

46.0 W/Tn
Early/Low Loud Shutdown | Cooling Tower Fan 18 1.3 kw 23.0 W/Tn VIO ToN CHILLER

Tawer Contrel I Chiller Tonnage 6 Minute  47.0 Tons CHWS Temp. Setpoint 54.7 9F

CT Fan Sefup WCAH Value - 6 Minute 1040 8 CHWS Temperature 55 9 °F

Loop Tuning 2 Building Load i Decreasing CHW Diff. Pressure 9.7 Psi

Loop Tuning | WCAH Value - 20 Minute  1073.4 CHW Diff. Pressure Setpoint 9.7 Psi

Loap Tuning 3 PID Loop Contrel  Aggressive CHWP-3 Watts/Ton Target  80.0 W/Tns
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Summary

e It Is possible to reduce cooling system
related energy consumption and GHG
Emissions by 30% to 50% or more,
while improving comfort conditions.

« The Optimization Routines must look at 100% of the
HVAC energy consuming devices, and the comfort
conditions of the facility, not just the chiller plant.

 The Load Based Optimization System (LOBOS) has
been the key to many successful projects.

 Operating Engineers are the key to long term
success. If they don’t understand it, or they can’t
“tweak” It to suit their facility, it won’t work for long!

* The system must be easy to adjust to meet
their needs.
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Summary, continued

e |t is not that tough to save a substantial
amount of energy and reduce GHG
emissions, while at the same time improving
comfort conditions.

 Proper equipment and system sizing and
selection should be based on the lifecycle
cost of the facility, reducing biological issues
and promoting tenant retention.

 The bottom line will be up to your operating
staff, if they can tune the control system to
suit the specific needs of the loads being
served, the system has a far greater chance
of success, than if the system cannot be
easlily tuned.
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